Objective: Pediatric video-assisted thoracic surgery closure of patent ductus arteriosus can now be performed on a routine basis. We review here our entire experience with this technique. Methods: Three hundred and thirty two consecutive patients underwent video-assisted closure of patent ductus arteriosus from September 1991 to September 1996. Indications were symptomatic ductus or failure of closure in older children. All complications were carefully noted, as well as intensive care unit stay, and operating room time. Results: Patients were divided in three age groups: less than 6 months (101 patients, 31%), 6 -48 months (179 patients, 54%), greater than 48 months (52 patients, 16%). The mean weight was 12.6 kg (range 1.2 -65 kg). Associated cardiac anomalies were atrial septal defect (3), ventricular septal defect (5), anomalous pulmonary venous return (1). Six patients had a residual shunt following video-assisted interruption. Five patients had successful immediate clip repositioning (three via video-assisted interruption, two via thoracotomy). One patient continued to have a small shunt, which is followed medically. Complications included recurrent laryngeal nerve dysfunction in six patients (1.8%) (five transient, one persistent). Mean operating time was 209 1.5 mn and hospital stay averaged 48 h (\ 6 months), 72 h (B 6 months). Conclusions: Interruption of patent ductus can be safely performed by video-assisted technique with minimal morbidity and no mortality. It can be performed in all age group with minimal hospital stay. © 1997 Elsevier Science B.V.
Introduction
Pediatric video-assisted thoracic surgery (VATS) applications have been limited by a lack of equipment and techniques adapted to small patients. However recently the introduction of small video camera has allowed the development of surgical operations in children.
Patent ductus arteriosus was first surgically ligated in 1939 by Gross and Hubbard [1] . Since then VATS technique have evolved to include interruption of ductus [2] [3] [4] , followed by vascular ring divison, collateral interruption (arterial and venous), pericardial drainage, thoracic ductus interruption and diagnostic VATS (location of aberant coronary artery) [4] . This report reviews our entire experience with this technique for closure of PDA.
Material and methods

Patient population
From September 1991 to September 1996, we performed VATS closure of PDA on 332 consecutives cases. All children presenting either an isolated PDA, or a PDA associated with a more complex congenital lesion underwent closure by this technique. Age itself was not a contra-indication since this technique has been performed in premature infants. Patients were divided into three age groups: less than 6 months (101 patients, 31%), 6-48 months (179 patients, 54%), greater than 48 months (52 patients, 16%). The mean weight was 12.6 kg (range 1.2 -65 kg). Associated cardiac anomalies were atrial septal defect (ASD) (3), ventricular septal defect (VSD) (5), anomalous pulmonary venous return (APVR) (1) .
If the PDA was part of a more complex cardiac anomally requiring treatment with cardiopulmonary bypass, this technique was not performed, the ductus was closed during the open procedure. All complications, were noted, as well as hospital stay and operating time.
All patients underwent transthoracic echocardiogram, and a routine chest X-ray, as well as routine preoperative blood work.
Surgical technique
General anesthesia was performed with pentothal at a dose of 5 to 10 mg/kg, vecuronium (Norcuron) at a dose of 0.1 mg/kg, fentanyl (Sulfentanyl) at a dose of 0.5-1 mg/kg, and 1-2% enflurane (Ethrane).
A central line was placed via a jugular vein, no arterial line was placed. EKG monitoring, oxymeter and capnograph were routine.
After induction of general anesthesia and intubation, the patient is positioned on his or her right side, as for a posterolateral thoracotomy. The skin is prepared with two Betadine scrub, a regular vi-drape is placed including a steridrape. The surgeon and the scrub nurse are on the left of the patient. The assistant is on the right.
Two small incisions with an 11 blade are made: in the left hemithorax, each corresponding in size to the appropriate instruments for that position. The first incision is made just posterior on the left axillary line in the third intercostal space, for the videoscope (4 mm straight optic) introduced via a 5 mm trocar. A second incision is performed in the third intercostal space middle axillary line and 2 or 3, 60°right angled-hooks, 1 mm in diameter are introduced directly through the incision without any trocar, for lung retraction.
A third incision is made in the 4th intercostal space underneath the angle of the scapula, for the electrocautery hook introduced via a 5 mm trocar. The same incision is used for insertion of the clip applier, introduced without a trocar. Instruments are listed in Table  1 .
The monitor is placed on the right side of the patient facing the surgeon, the cables come also from the right side and are clamped to the drape.
The upper lobe of the left lung is retracted inferomedially, the PDA is identified and the mediastinal pleura is opened with cautery nerve hook. The PDA is dissected from surrounding tissues and the aorta is dissected at its junction with the PDA. The pericardium is dissected on the pulmonary side to protect the recurrent laryngeal nerve form a traumatic injury.
It is essential to dissect on both sides of the PDA to place the clip adequately. The clip applier is then introduced through the posterior thoracostomy after removal of the trocar. A first titanium clip (8 mm) is placed as distal as possible from the aortic junction and a second titanium clip is applied on the side close to the aorta. After visual confirmation that both clips are well in place, the lung is inflated and a 2 mm diameter pleural suction catheter is placed before closure of the skin incision.
Postoperati6e care
For all children a transthoracic echocardiogram is performed in the operating room. If complete interruption of the PDA is seen, extubation is performed. Otherwise replacement of the clip is performed. For children \ 5 kg extubation is done 4-6 h following surgery in the intensive care unit. ICU stay depends on their state and age and varies between 24 and 48 h, before being transferred to a regular room.
The pleural suction catheter is removed a few hours after extubation, a routine chest X-ray is obtained, and another echocardiogram is performed before discharged. The average stay is 72 h.
Results
Six patients had a residual shunt following VATS interruption related to insufficient dissection, with inadequate clip placement. Five patients had successful immediate clip repositioning (three by VATS, two by thoracotomy). Subsequent echocardiogram revealed persistent closure in these patients. A persistent PDA with minimal flow was discovered in one asymptomatic patient following discharge, this patient underwent subsequently closure of his PDA via a thoracotomy. Recurrent laryngeal nerve dysfunction was noted in 6 patients (1.8%) (5 transient, 1 persistent). There was no mortality, transfusion requirement, or chylothorax in Risks factors generally given are low weight ( B 1500 gm) and extensive dissection around the ductus. We believe that minimal dissection around the ductus should be performed to avoid this complication. Percutaneous catheter closure of PDA has been described elsewhere [15] [16] [17] . Persistent shunting remains in the order of 27% at 6-week follow-up, which decreases generally between 10% and 20% at 6 months. Persistent shunting increases with the size of the ductus. Possible migration or embolization of the device may necessitate surgical removal. Also reported are hemolysis and the problem of prophylaxis against bacterial endocarditis in residual shunts. In addition, this technique is applicable only for patients weighting more than 10 kg because the size of these small vessels, makes the use of the device difficult. In addition, recent results showing superiority of surgical versus transcatheter closure for outcome and cost, VATS probably can reduce the hospital cost even further [18] . Only a prospective trial comparing all alternatives can clarify the issue.
The technique of VATS can also be performed in premature infants, as we and others have demonstrated with excellent results and no morbidity. The procedure is rapidly performed, with an average of 15 to 20 min. No complications related to the procedure have been reported in this age group as yet. We therefore believe that this technique can be safely applied to premature infants.
The only contra-indication is if the diameter of the ductus is greater than the size of the clip (8 mm), or if the ductus is calcified. Both of these situations can be encountered in older children or adults. In children, the only contra-indication would be a previous thoracotomy with pleural adhesions.
In our series, we had no cases of chylothorax, hemorrhage, blood loss, phrenic nerve injury, or in-hospital infection. There were no deaths related to the procedure. Prospective efforts must be made to demonstrate reductions in cost, pulmonary injury, and hospital stay.
Finally we think that this technique can be easily learned by experienced surgeons and provides extremely good results. It can be performed in all age group, in a minimum operating time, and provides a satisfactory cosmetic result. this series. Mean operating time was 20 9 15 mm and hospital stay averaged 48 h (\6 months), 72 h (B 6 months) ( Table 2 ).
Discussion
Surgical closure of PDA is now well standardized and provides excellent results, with low mortality and morbidity. Most older patients have division of the ductus through a thoracotomy, where as infants undergo closure with a clip. Surgical closure of the PDA in the neonatal intensive care unit has been described, with excellent results [5] [6] [7] [8] [9] . The procedure consists of placement of one or two clips through a thoracotomy, generally with an extrapleural approach. The advantages given are its low morbidity, lack of mortality, and reliable PDA closure. However the potential morbidity of thoracotomy is important especially in children. The long term posthoracotomy pain is common [10] , and the risk of postoperative pulmonary complication represented by atelectasis and pneumonia is increased [11] . In addition the incidence of thoracic scoliosis as a long term complication in premature infants is above 20% [12, 13] .
The technique of PDA closure by VATS [2 -4] provides the same results without a thoracotomy. This technique is simple and safe, and it becomes quite expedient with good practice. Although six patients in our series had a residual shunt after VATS, none occured in our last 200 patients. It is extremely important to dissect both sides of the ductus adequately to place the clips. The application of metal clips near the aorta reduces the risk of recurrent laryngeal nerve injury and does not require complete mobilization of the ductus, reducing the risk of surgical bleeding. For the same reason we do not divide the ductus, in order to minimize laryngeal nerve injury.
Four patients had a pneumothrax after the procedure; we did not see any occurence of pneumothorax after we initiated chest tube drainage. The main complication was transient paralysis of the left vocal cord (1.8%).
can also be seen after open surgical interruption of the ductus, with the same incidence [14] .
